The convergence of Mo "ller-Plesset perturbation expansions ͑MP2-MP4/MP5͒ for the spectroscopic constants of a selected set of diatomic molecules ͑BH, CH, HF, N 2 , CO, and F 2 ͒ has been investigated. It was found that the second-order perturbation contributions to the spectroscopic constants are strongly dependent on basis set, more so for HF and CO than for BH. The MP5 contributions for HF were essentially zero for the cc-pVDZ basis set, but increased significantly with basis set illustrating the difficulty of using small basis sets as benchmarks for correlated calculations. The convergence behavior of the exact Mo "ller-Plesset perturbation expansions were investigated using estimates of the complete basis set limits obtained using large correlation consistent basis sets. For BH and CH, the perturbation expansions of the spectroscopic constants converge monotonically toward the experimental values, while for HF, N 2 , CO, and F 2 , the expansions oscillate about the experimental values. The perturbation expansions are, in general, only slowly converging and, for HF, N 2 , CO, and F 2 , appear to be far from convergence at MP4. In fact, for HF, N 2 , and CO, the errors in the calculated spectroscopic constants for the MP4 method are larger than those for the MP2 method ͑the only exception is D e ͒. The current study, combined with other recent studies, raises serious doubts about the use of Mo "ller-Plesset perturbation theory to describe electron correlation effects in atomic and molecular calculations.
I. INTRODUCTION
The treatment of electron correlation in atomic and molecular calculations is critical for an accurate prediction of molecular properties. Ignoring correlation effects can lead to errors of 100% or more in bond energies and reaction energetics, 10%-20% in vibrational frequencies, and as much as 5% or more in bond lengths. Mo "ller-Plesset perturbation theory, as implemented in a number of popular quantum chemical packages ͑GAUSSIAN, II, 4 etc.͒, especially second-through fourth-order perturbation ͑MP2, MP3, MP4͒ theory, is the most widely used technique for quantifying the effects of electron correlation on molecular properties. Techniques and applications software for computing MP5 1 and MP6 5 energies and wave functions are even coming into use, despite the dramatic increase in computational demands associated with higher orders of perturbation theory.
Mo "ller-Plesset perturbation theory is based on a single reference, Hartree-Fock wave function and it has long been recognized that this imposes limits on the radius of convergence of the MPn expansions. The numerical implications of this limitation have been investigated for a number of ''difficult'' small molecules. [6] [7] [8] More recently, it has become apparent that convergence problems in the MPn expansion are not limited to molecules whose zero-order wave function is poorly described by a single configuration. 5, 9, 10 These latter authors found that classical ''single configuration'' systems such as hydrogen fluoride, with a weight of nearly 95% for the Hartree-Fock wave function in the MPn expansion, can lead to expansions that are either divergent or appear to diverge in low orders of perturbation theory. The reason for this behavior has yet to be firmly established. Analyzing their perturbation theory calculations on the neon atom, Christiansen et al. 11 found that the divergence was due to avoided crossings between the Hartree-Fock configuration and states dominated by quintuple and higher excitations. Cremer and He 5 noted that the convergence behavior of the perturbation expansion changed depending on the magnitude and sign of the triple excitation terms. The pathology in the perturbation expansion appears to arise when multiple electron pairs, e.g., the bond and lone pairs in HF, are in close proximity.
In this paper we examine the convergence of Mo "llerPlesset perturbation theory for molecular properties. The perturbation theory expansion of a molecular property, Q, can be written as Q͑MPϱ ͒ϭQ͑ HF͒ϩ⌬Q͑MP2 ͒ϩ⌬Q͑ MP3 ͒ ϩ⌬Q͑MP4 ͒ϩ⌬Q͑ MP5 ͒ϩ¯, ͑1͒
where ⌬Q͑MPn ͒ϭQ͑ MPn ͒ϪQ͑ MPnϪ1 ͒ ͑2͒
is the incremental change in Q from (nϪ1)th order to nth order perturbation theory and Q(MPn) is the value of Q at nth order perturbation theory. For the perturbation theory expansion, Eq. ͑1͒, to be a useful approach for describing the effect of electron correlation on property Q, the series must converge, i.e., lim n→ϱ ⌬Q(MPn)ϭ0, and must converge to the exact solution of the electronic Schrödinger equation, i.e., lim n→ϱ Q(MPn)ϭQ(exact). If a finite basis set is used, then the series must converge to the full configuration interaction value for Q in the chosen basis set. In this paper, we examine the behavior of the perturbation series expansion, Eq. ͑1͒, for the spectroscopic constants (D e , r e , e , e x e , B e , ␣ e ) of a set of diatomic molecules ͑BH, CH, HF, N 2 , CO, and F 2 ͒ 9 chosen to be representative of a wide range of molecules. Computational restrictions limit our studies of CH, N 2 , CO, and F 2 to the MP2-MP4 methods and of BH and HF to the MP2-MP5 methods. As we shall see, the convergence behavior of the Mo "ller-Plesset perturbation expansion alluded to above gives rise to significant problems in computing molecular properties.
In characterizing the behavior of the perturbation expansions for molecular properties, it is important to distinguish between the apparent and intrinsic accuracies of a MPn model. In Eq. ͑1͒, Q(MPn) should be obtained from the exact solution of the MPn equations. This is the only way to establish the intrinsic accuracy of the MPn method. Past studies of the convergence of the Mo "ller-Plesset expansion were limited by the use of finite basis sets. In this case, one can only determine the apparent accuracy of a MPn method, which may be very different than the intrinsic accuracy of the method. The relationship between the intrinsic error and the apparent error is illustrated in Fig. 1 for two common types of convergence behavior with respect to basis set. In this paper we use the well-known convergence properties of the correlation consistent basis sets to obtain reliable estimates of the complete basis set ͑CBS͒ limits of the spectroscopic constants for the molecules of interest here.
II. THEORETICAL AND COMPUTATIONAL CONSIDERATIONS
The correlation consistent basis sets of Dunning and co-workers, [12] [13] [14] [15] [16] [17] labeled cc-pVnZ with nϭDϪ6, form a hierarchial family of basis sets that become more and more complete as n increases. As has been demonstrated in numerous benchmark studies, [18] [19] [20] [21] [22] [23] [24] [25] [26] calculations with the correlation consistent basis sets exhibit systematic convergence toward their apparent CBS limits. In fact, the basis set convergence can often be modeled by a simple exponential function:
to obtain an estimate of the complete basis set limit, Q ϱ , of property Q. ͓Other extrapolation procedures have been explored by Wilson and Dunning 26 and Martin and co-workers ͑see, e.g., Ref. 28͒.͔ In the present work Eq. ͑3͒ was used to estimate CBS limits whenever possible. Otherwise, the estimates were taken from calculations with the cc-pV6Z basis sets, which is very close to the CBS limit.
We focus here on valence-electron calculations on BH, CH, HF, N 2 , CO, and F 2 . For atoms on the left-hand side of the periodic chart, core and core-valence correlation effects are significant and their inclusion is essential to obtaining agreement with the experimental results. For example, for BH, all-electron calculations 29 show that inclusion of core/ core-valence correlation effects increases D e by 0.2 kcal/ mol, decreases r e by 0.003 Å, and increases e by 11 cm
Ϫ1
͑at the MP4 level͒. Thus, the intrinsic errors associated with valence-electron calculations include this error in addition to any errors arising from the limitations of the electronic structure method, as well as those resulting from the breakdown of the Born-Oppenheimer approximation and the neglect of relativistic corrections. However, neglect of core/corevalence correlation effects has essentially no effect on the convergence behavior of the Mo "ller-Plesset perturbation expansion, which is the subject of interest here.
To minimize potential sources of experimental errors, we have limited the current study to diatomic molecules for which accurate spectroscopic constants have been determined. 30 For each molecular species, potential energy functions were calculated by fitting nine computed energies that covered a range in ⌬r(ϭrϪr e ) of Ϫ0.4a 0 р⌬rр ϩ0.7a 0 to seventh-or eighth-order polynomials in ⌬r. Spectroscopic constants were then determined from the fitted polynomial coefficients by a Dunham analysis. 31 In the calculation of dissociation energies, the dissociated limits were obtained from ROHF-MPn 32 calculations on the isolated atoms, except in the case of the MP5 calculations, 1 where an unrestricted Hartree-Fock ͑UHF͒ based method was used. Unfortunately, software limitations prevented us from carrying out UHF-MP5 calculations on the boron and carbon atoms, so we are unable to report values of D e for these species at the MP5 level.
All electronic structure calculations employed the MOLPRO program package of Werner, Knowles and coworkers ͑for RHF-MPn͒, 3 the ACES II program package of Bartlett and co-workers ͑for ROHF-MPn͒, 4 and the GAUSS-IAN 94 package ͑for UHF-MP5͒. 
III. RESULTS
Tables I-III summarize the results of the new MPn valence-electron calculations on BH, CH, and F 2 . The results of valence-electron calculations on HF, N 2 , and CO discussed here were taken from previously reported work. 17, 24, 33, 34 
IV. DEPENDENCE OF PERTURBATION CONTRIBUTIONS ON BASIS SET
In this section we investigate the convergence characteristics of the individual terms in the perturbation theory expansion, ⌬Q(MPn), with basis set. As has been shown, 35 the cc-pVDZ basis set recovers only 59%-86% of the valence correlation energy of the first row atoms ͑Ne-B͒, while the cc-pVTZ set recovers 84%-96%. The percentage of correlation energy recovered steadily increases and the percentage range steadily decreases to the point that the cc-pV6Z set recovers 98%-99% of the correlation energy for Ne-B. Given these differences, it would not be at all surprising to see significant variations in the convergence patterns of the MPn expansions for the various cc-pVnZ sets. This is, in fact, the case and, as we shall see, MPn calculations with small basis sets can provide one with a false sense of security in regard to the rate of convergence of the MPn expansions. Here, we limit our discussion to BH( 1 ⌺ ϩ ), HF( 1 ⌺ ϩ ), and CO( 1 ⌺ ϩ ).
The dependence of the perturbation theory expansions of D e , r e , and e on basis set is illustrated in Fig. 2 for BH. As can be seen, ⌬Q(MP2) is strongly dependent on basis set: ⌬D e increases by 4.3 kcal/mol, ⌬r e decreases by 0.0066 Å, and ⌬ e increases by 20.3 cm Ϫ1 from the cc-pVDZ set to the cc-pV6Z set. The dependence of ⌬Q(MPn) with nϾ2 on basis set, on the other hand, is rather weak, with the changes, in general, decreasing with increasing order of perturbation theory. For example, for MP4 theory, ⌬D e increases by just 0.04 kcal/mol, ⌬r e increases by only 0.0003 Å, and ⌬ e decreases by just 2.2 cm Ϫ1 from nϭ2 to 6 (cc-pVnZ).
B. HF"X
For the HF molecule, the dependence of ⌬Q(MPn) on basis set is stronger in HF than in BH; compare Figs. 2 and 3. Thus, ⌬D e (MP2) increases by 9.4 kcal/mol as the basis set increases from cc-pVDZ to cc-pV6Z; for ⌬D e (MP4) the , respectively. Note also that the changes in MP2 and MP4 theory are in the same direction as are the changes in MP3 and MP5 theory, but that the changes in the two sets are opposite to one another. In fact, for r e and e the variation in ⌬Q(MP2) and ⌬Q(MP4) with basis set are comparable as are the changes in ⌬Q(MP3) and ⌬Q(MP5).
For the cc-pVDZ set, ⌬Q(MP5) is essentially zero for all of the properties considered here. However, in all cases ⌬Q(MP5) increases significantly in magnitude from the ccpVDZ to the cc-pVQZ set ͑the largest set for which it was feasible to carry out MP5 calculations͒. For example, ⌬D e decreases by 1.6 kcal/mol, ⌬r e decreases by 0.0026 Å, and ⌬ e increases by 46.9 cm
Ϫ1
. These results illustrate the difficulty of using small basis sets to assess the impact of electron correlation on molecular properties. Double zeta sets, even those that include a set of polarization functions, only account for a fraction of the correlation energy and can have difficulty in reproducing the effects of correlation on molecular properties. Much larger basis sets, cc-pVQZ and beyond, are required to obtain consistently reliable results.
Olsen et al. 10 found that the convergence behavior of the Mo "ller-Plesset perturbation expansions was strongly dependent on the nature of the basis set. In particular, for HF they found that the series converged for the cc-pVDZ set and a modified cc-pVTZ set, but diverged for the aug-cc-pVDZ set ͑the convergence was much slower for the modified cc-pVTZ set͒. In the present case, although there would be a significant difference between the spectroscopic constants computed with the cc-pVDZ and aug-cc-pVDZ sets, the results tend to the same value as the basis set increases in size. For example, comparing the spectroscopic constants obtained with the cc-pV6Z and aug-cc-pV5Z sets ͑which are approximately the same size͒, we find that the computed r e 's differ only by 0.0002-0.0003 Å, e 's by 2 -5 cm
, and e x e 's by 0.1 cm Ϫ1 for MP2-MP4 calculations.
17,24
C. CO"X 1 ⌺ ؉ … In CO, ⌬D e (MP2) and ⌬r e (MP2) are both strongly dependent on basis set: ⌬D e increases by 9.5 kcal/mol and ⌬r e decreases by 0.0050 Å from the cc-pVDZ to the cc-pV6Z set. The dependence of ⌬ e on basis set is somewhat less pronounced, e increases by only 18.7 cm Ϫ1 over the same basis set range. The dependence of ⌬Q(MP3) and ⌬Q(MP4) on basis set can also be quite significant, although less so than for ⌬Q(MP2), e.g., ⌬D e (MP3) decreases by 2.4 kcal/mol, ⌬D e (MP4) increases by 2.7 kcal/ mol, and ⌬ e increases by 15.2 cm Ϫ1 from the cc-pVDZ to the cc-pV6Z set. For ⌬r e (MP3), ⌬r e (MP4), and ⌬ e (MP3) the changes are significantly smaller than in ⌬Q(MP2).
V. CONVERGENCE OF PERTURBATION THEORY EXPANSIONS
In this section we use the estimated complete basis set ͑CBS͒ limits for the value of the spectroscopic constants, Q, at the various orders of perturbation theory to investigate the convergence of the Mo "ller-Plesset perturbation expansions. We consider both the dependence of ⌬Q(MPn) on the order of perturbation theory as well as the intrinsic errors associated with Q(MPn). For the latter, which are shown in Table  IV , we compare Q(MPn) with the experimental values of property Q, rather than to that obtained from the exact solution of the Schrödinger equation. This is expected to introduce only small errors into the estimated intrinsic errors for r e , e , e x e , etc., due to the neglect of non-BornOppenheimer and relativistic corrections. For D e , however, relativistic corrections are more significant, especially for the heavier atoms ͑O,F͒, and we have corrected the experimental values of D e for spin-orbit effects in the atoms. The error due to neglect of core/core-valence correlation may be significant, especially for molecules containing the lighter atoms ͑B-N͒; we will estimate these errors as appropriate.
Cremer and He 5 classified the molecules that they examined into two types. In Class A systems the Mo "ller-Plesset perturbation expansion of the energy converged monotonically; in Class B systems the energy expansion oscillated. Olsen et al. 10 found that the series diverged only for Class B systems, especially if larger basis sets were used. We observe the same type of behavior here. Thus, for the exact MPn expansions there also appear to be two convergence patterns, Class A and Class B.
For BH, the dissociation energy (D e ), equilibrium bond length (r e ), and harmonic frequency ( e ), as well as the anharmonicity constant ( e x e ), equilibrium rotational constant (B e ), and vibration-rotation coupling constant (␣ e ), show convergence behavior typical of a Class A molecule as defined by Cremer and He. 5 In Fig. 4 the successive perturbation theory contributions to D e , r e , and e are plotted. For both D e and e , the magnitude of ⌬Q(MPn) decreases monotonically with increasing orders of perturbation theory; for r e , there is an initial increase, resulting from a significant underestimation of r e by HF theory, followed by the expected decrease. However, the perturbation expansion appears to be converging very slowly, e.g., ⌬r e ͑ MP5͒/⌬r e ͑ MP4͒ϭ0.38,
From the data in Table I , D e appears to be converging toward the experimental value with increasing orders of perturbation theory, but r e (MP5) and e (MP5) overshoot and undershoot their respective experimental values. The intrinsic errors for the valence-electron calculations on BH are given in Table IV . As noted previously, inclusion of core/ core-valence correlation effects increases D e by 0.1-0.2 kcal/mol, decreases r e by 0.003 Å, and increases e by 10 cm
Ϫ1
. 29 Taking these corrections into account, at MP4 theory D e is underestimated by 0.6 kcal/mol, r e is underestimated by 0.003 Å, and e is overestimated by 15 cm Ϫ1 .
B. CH"X 2 ⌸…
The perturbation theory expansions for the spectroscopic constants of the CH molecule behave very similarly to those for the BH molecule, despite the fact that CH is an openshell ( 2 ⌸) system and BH is a closed-shell ( 1 ⌺ ϩ ) system; compare the results in Tables I and II . Only for the secondorder corrections, ⌬Q(MP2), are differences between CH and BH significant. This is undoubtedly a reflection of the larger nondynamical correlation effects in BH than in CH. The largest differences in the third-and fourth-order contributions are for ⌬ e (MP3) and ⌬ e (MP4). Cremer and He found that CH 2 and CH 3 were Class A systems. ing magnitude, the error in the fifth-order value for D e has to be less than 2.1 kcal/mol-a rather discouraging result given the high computational cost of the calculation. The actual error in the fifth-order value for D e is just 1.0 kcal/mol, which is less than 2.1 kcal/mol, but still shows that fifthorder perturbation theory is unable to predict the bond energy of a simple molecule such as HF to better than 1 kcal/ mol even at the complete basis set limit. For both r e and e , the perturbation series does not converge uniformly, e.g., ͉⌬Q(MP4)͉Ͼ͉⌬Q(MP3)͉. This behavior is consistent with the conventional wisdom that the effects of electron correlation are over-emphasized in even orders of perturbation theory, and that this over-emphasis is corrected in odd orders. The even and odd orders of perturbation theory, separately, appear to be converging, although more terms would be required to conclude this with any certainty. HF was identified as a Class B system by Cremer and He, 5 and the behavior observed here is consistent with this designation.
As shown in Table IV , the intrinsic errors in D e for the MPn series are: ϩ4.2 kcal/mol ͑MP2͒, Ϫ3.1 kcal/mol ͑MP3͒, ϩ1.1 kcal/mol ͑MP4͒, and Ϫ1.0 kcal/mol ͑MP5͒. For both r e and e the situation is more complex; see Fig. 6 . For these molecular constants the intrinsic errors in MP4 theory are greater than those for MP2 theory: ϩ0.0020 vs ϩ0.0013 Å for r e , and Ϫ22 vs ϩ2 cm Ϫ1 for e , respectively. For odd orders of perturbation theory, on the other hand, the situation is reversed with MP5 being more accurate than MP3: Ϫ0.0011 vs Ϫ0.0050 Å for r e and ϩ34 vs ϩ100 cm Ϫ1 for e , respectively. Although the differences in the errors for r e and e are small, they are outside the estimated errors bounds associated with the CBS limits for these molecular constants. The differences are also much larger than the estimated core/core-valence corrections which for HF are 0.2 kcal/mol in D e , Ϫ0.0006 Å in r e , and ϩ5 cm Ϫ1 in e . 36 Clearly, in HF one does not necessarily obtain more accurate results with MP4 theory than with MP2 theory, despite the much greater computational expense. As we shall see below, HF is not an isolated case.
Among the remaining spectroscopic constants, e x e and ␣ e exhibit similar and unusual convergence behavior. These quantities both show a slight ͑0.5%-1.0%͒ decrease from MP2 to MP3 and then a much more significant ͑3.0%-3.5%͒ increase from MP3 to MP4. There is no semblance of convergence for these quantities.
The dissociation energy of N 2 from the valence-electron MPn calculations also exhibits the oscillatory behavior characteristic of Class B systems. 5 The perturbation series appears to be only slowly converging to the experimental values of the spectroscopic constants; see Fig. 7 . For example, the intrinsic errors in D e are: ϩ12.0 kcal/mol ͑MP2͒, Ϫ12.4 kcal/mol ͑MP3͒, and ϩ3.7 kcal/mol ͑MP4͒, while the corresponding ⌬D e (MPn) are: ϩ118.2 kcal/mol ͑MP2͒, Ϫ24.4 kcal/mol ͑MP3͒, and ϩ16.1 kcal/mol ͑MP4͒. As a further indication of problems with the perturbation expansion for N 2 , note that the intrinsic errors in r e and e are essentially the same magnitude in the MP4 calculations as in the MP2 calculations: ϩ0.0115 vs ϩ0.0117 Å for r e , and Ϫ157 vs Ϫ150 cm Ϫ1 for e . For the anharmonicity, e x e , the series is clearly not converging, with intrinsic errors of: ϩ4.35 cm Ϫ1 ͑MP2͒, Ϫ4.71 cm Ϫ1 ͑MP3͒, and ϩ6.85 cm
Ϫ1
(MP4͒. Again, the corrections due to the inclusion of core/ core-valence correlation effects are substantially smaller than those noted above.
In the current set of molecules, the most erratic behavior in the MPn expansions of the spectroscopic constants is observed for carbon monoxide, although the overall pattern is very similar to that for N 2 . As for N 2 , D e (CO) from the valence-electron calculations appears, at best, to be only slowly converging: 
This behavior is reflected in the intrinsic errors for r e and e plotted in Fig. 8 where it is seen that the errors for these two spectroscopic constants, as well as for e x e , are substantially greater in MP4 theory than in MP2 theory: ϩ0.0125 Å (MP4) vs ϩ0.0056 A (MP2) for r e ; Ϫ146.8 cm Ϫ1 ͑MP4͒ vs Ϫ41.9 cm Ϫ1 ͑MP2͒ for e ; and ϩ5.8 cm Ϫ1 ͑MP4͒ vs ϩ0.1 cm Ϫ1 ͑MP2͒ for e x e . Cremer and He 5 classified CO as a Class B system, which is consistent with the above.
The final system considered, F 2 , provides further evidence of the often inconclusive nature of Mo "ller-Plesset perturbation expansions in molecular calculations. Here we find that MP4 theory has substantially smaller intrinsic errors than either MP2 or MP3 theory, see Tables III and IV. In fact, for r e and e the MP4 results are quite accurate, the intrinsic errors being just 0.003 Å and 1 cm Ϫ1 , respectively. However, the plots of ⌬r e (MPn) and ⌬ e (MPn) in Fig. 9 clearly suggest that this agreement may be fortuitous⌬r e (MP4) and ⌬ e (MP4) are both far larger in magnitude than the intrinsic errors in r e (MP4) and e (MP4). This suspicion is also supported by the fact that the negligible error in e (1 cm Ϫ1 ) seems to be at odds with the much larger .
VI. CONCLUSIONS
Mo "ller-Plesset perturbation theory, especially secondthrough fourth-order perturbation ͑MP2, MP3, MP4͒ theory, is one of the most widely used techniques for including the effects of electron correlation on molecular energies and properties. Explicit in the use of perturbation theory in molecular calculations is the assumption that the MPn expansions converge to the exact solution of the electronic Schrö-dinger equation. In addition, it is usually assumed that higher orders of perturbation theory, e.g., MP4 theory, are inherently more accurate than lower orders of perturbation theory, e.g., MP2 theory. To date, because of the limitations imposed by finite basis sets, neither of these assumptions has been rigorously tested. In this paper we examined two aspects of this problem for MPn expansions of the molecular spectroscopic constants of a selection of first row diatomic molecules: ͑i͒ the convergence of the individual perturbation theory terms in the MPn expansion with basis set and ͑ii͒ the convergence of the exact MPn expansions with increasing order of perturbation theory. Large correlation consistent basis sets were used to obtain reliable estimates of the complete basis set limits of the spectroscopic constants.
In our studies of the convergence of the perturbation expansions of the spectroscopic constants with basis set, we found that the second-order contributions were, in general, strongly dependent on basis set. For BH, the dependence of the higher order terms on basis set decreased with increasing order of perturbation theory. However, for HF and CO, that was not the case; for these systems the dependence of the higher order contributions on basis set was often comparable to that for the lower order terms. The results were particularly dramatic in HF where the fifth-order contributions, which were essentially zero for the cc-pVDZ set, increased with basis set at a rate comparable to that for MP3, e.g., the magnitude of the fifth-order contribution to D e increased to 1.6 kcal/mol for the cc-pVQZ set. This illustrates the difficulty of using small basis sets to benchmark the effect of electron correlation on molecular properties.
Recent studies of the convergence of the perturbation expansion of the correlation energy by Cremer and He 5 and Olsen et al. 10 suggest that Mo "ller-Plesset (MPn) perturbation expansions are not always well behaved, even for molecules whose wave functions are dominated by the HartreeFock configuration. However, their studies, which were based on full configuration interaction approaches, of necessity used small basis sets. In a recent report 9 and the present work we used the well-known convergence characteristics of the correlation consistent basis sets to determine the complete basis set ͑CBS͒ limits for the spectroscopic constants of a representative set of diatomic molecules: BH, CH, HF, N 2 , CO, and F 2 . For the exact perturbation expansions, we found the following:
͑a͒ MPn expansions of the spectroscopic constants are, at best, slowly converging and will require the use of higher than MP4 theory to obtain chemically accurate results. This is especially true for molecules identified as Class B ͑oscillatory convergence behavior͒ by Cremer and He, 5 which includes HF, N 2 , CO, and F 2 in the current set. ͑b͒ Use of higher orders of perturbation theory does not guarantee improved accuracy in a calculation-the intrinsic errors for MP2 theory can be smaller than those for MP4 theory. For example, for HF, N 2 , and CO, the MP2 values for r e , e , and e x e are more accurate than the MP4 values, substantially more so for CO. Only for D e is the MP4 method consistently more accurate than the MP2 method.
The current study, combined with the previous studies, 5, 10 raise serious questions about the use of Mo "llerPlesset perturbation theory to describe the effects of electron correlation in atomic and molecular calculations. This is not a failure of the general approach used to describe electron correlation because coupled cluster calculations, especially CCSD͑T͒ calculations, with large correlation consistent sets can provide highly accurate molecular spectroscopic constants ͑cf. 
